huai'an hospital affiliated to Xuzhou Medical college and huai'an second hospital, huai'an, Jiangsu, People's republic of china *These authors contributed equally to this work Background: A previous study indicated that microRNA(miR)-328-3p upregulation might be critical for resveratrol-mediated suppression of metastatic ability in human osteosarcoma, implying its potential role in this malignancy. However, the clinical significance and the biological functions of miR-328-3p in osteosarcoma remain unclear. Methods: miR-328-3p expression in 88 pairs of osteosarcoma and matched non-cancerous bone tissues were detected by quantitative real-time PCR. Then, the associations of miR-328-3p expression with various clinicopathological features of osteosarcoma patients were statistically analyzed. Cell Counting Kit-8 and scratch-wound healing were performed to evaluate roles of miR-328-3p in human osteosarcoma cells. After that, luciferase reporter assay, western blot analysis and rescue assay were applied to determine the underlying molecular mechanisms of miR-328-3p in osteosarcoma cells. Results: miR-328-3p expression in osteosarcoma tissues was significantly lower than those in non-cancerous bone tissues (P,0.001). miR-328-3p downregulation was significantly associated with advanced surgical stage, positive metastasis and recurrence (all P,0.05). Functionally, enforced expression of miR-328-3p efficiently suppressed cell proliferation and migration in vitro. Moreover, matrix metalloprotease 16 (MMP16) was identified as a direct target of miR-328-3p in osteosarcoma cells. Notably, MMP16 overexpression partially reversed the miR-328-3p-inhibited cell proliferation and migration of osteosarcoma cells. Conclusions: Our data indicated that the aberrant expression of miR-328-3p may play a crucial role in malignant progression of human osteosarcoma. More importantly, miR-328-3p may function as a tumor suppressor inhibiting osteosarcoma cell proliferation and migration partially mediated by regulating of MMP16.
Introduction
Osteosarcoma, the most prevalent primary malignant bone tumor, often happens in children and adolescents, as well as is characterized by fast growth, metastasis at early stage, and poor prognosis. 1 Although significant advances in early diagnosis and treatment have been achieved in recent years, the clinical outcome of osteosarcoma patients with metastasis and recurrence remains to be unfavorable. 2 A previous epidemiological survey revealed that the osteosarcoma patients without metastasis have a 5-year survival rate of 60%-70%, whereas patients with metastasis have a survival rate of ,30%.
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Zhang et al development and progression of osteosarcomas. [4] [5] [6] However, it has not been fully elucidated. Therefore, it is of great clinical significance to find out the crucial metastatic-related markers and potential therapeutic targets for preventing early-stage metastases and improving the patients' prognosis.
MicroRNAs (miRs), a group of abundant, short (with ~22-28 nucleotides in length), and ncRNAs play important roles in various aspects of cellular and molecular biology by negatively regulating posttranscriptional expression of target genes through the binding of the corresponding 3′-UTR of the miRs. 7, 8 Growing evidence shows that the expression of miRs may be dysregulated in various types of human cancers, and these miRs function either as oncogenes or tumor suppressors implying their important position in cancer development and progression. [9] [10] [11] Especially, in human osteosarcoma, Chen et al 12 observed the under-expression of miR-145 in metastatic osteosarcoma, and demonstrated that miR-145 might act as a tumor metastasis suppressor; Sun et al 13 reported that miR-183 could suppress the vitality, invasion, and migration of human osteosarcoma cells; Yao et al 14 showed the decreased expression of miR-96 in human osteosarcoma tissues compared to human paracancerous tissues, and also revealed that the upregulation of miR-96 could inhibit cell proliferation, migration, invasion, and tumor formation ability, as well as increase the percentage of cell apoptosis in osteosarcoma cells. These previous findings may contribute to the development of novel clinical therapeutic approaches for the treatment of osteosarcoma.
As a dysregulated miR in several types of human cancers, miR-328-3p upregulation was demonstrated to be critical for the resveratrol-mediated suppression of metastatic ability in human osteosarcoma, implying its potential role in this malignancy. 15 However, the clinical significance and the biological functions of miR-328-3p in osteosarcoma remain unclear. In the current study, we aimed to investigate the expression patterns of miR-328-3p in osteosarcoma tissues, and also clarify its associations with patients' tumor progression and cellular malignant phenotypes.
Patients and methods
Patients and tissue samples
The current study was approved by the Research Ethics Committee of Huai'an Second Hospital (No HEYLL201503). Written informed consent was obtained from all patients. All specimens were handled and made anonymous in accordance with the Declaration of Helsinki.
In total, 88 pairs of tumor tissues and self-matched noncancerous bone tissues were collected from 88 osteosarcoma patients who were retrospectively enrolled according to the surgical pathology records of Huai'an Second Hospital from 2008 to 2015. All the tumors were confirmed pathologically according to the surgically resected specimens. All patients received the uniform preoperative multi-agent chemotherapy following the initial biopsy. The cytotoxic drugs used as preoperative chemotherapy were cis-diamminedichloroplatinum, adriamycin, vincristine, ifosfamide, and high-dose methotrexate. Table 1 
Quantita tive real-time-Pcr
qRT-PCR was performed to detect the expression levels of miR-328-3p in human tissues and cell lines according to our previous study. 16 Total RNA was extracted from fresh tissues and cells using TRIzol reagent (Thermo Fisher Scientific). TaqMan miR Assays (Thermo Fisher Scientific) with primers specific to miR-328-3p were used. Reverse transcription was performed using One Step PrimeScript miR cDNA Synthesis Kit (Thermo Fisher Scientific), and qRT-PCR was performed using SYBR Premix Ex Taq™ II (Thermo Fisher Scientific). RNU6B was used as an internal control. qRT-PCR primer sequences were as follows: miR-328-3p, forward 5′-CTG GCC CTC TCT GCC C-3′, and reverse 5′-GTG CAG GGT CCG AGG T-3′; RNU6B, forward 5′-ACA GUA GUC UGC ACA UUG GUU A-3′, and reverse 5′-ACG CAA ATT CGT GAA GCG TT-3′. Quantitative PCR was performed using an ABI 7500 Real-Time PCR Detection System (Thermo Fisher Scientific). The threshold cycle (Ct) was defined as the fractional cycle number at which the fluorescence passed the fixed threshold. Each sample was detected thrice, and the relative expression level of miR-328-3p to RNU6 was calculated using the equation 2
−ΔCt
, where ΔCT = (CT miR-328-3p /CT RNU6 ). The median value of miR-328-3p expression in osteosarcoma tissues was used as a cutoff point for dividing miR-328-3p-low/high groups.
Western blot analysis
MMP16 protein expression was detected by Western blot analysis. Proteins were isolated from the transfected cell lines using a RIPA lysis buffer (Sigma-Aldrich Co., St Louis, MO, USA), and the protein concentration was determined by a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology, Jiangsu, People's Republic of China) based on the manufacturers' instruction. Equal protein was separated by 12% SDS-PAGE and then transferred to polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). After being blocked with 5% skimmed milk in PBS for 1 hour at room temperature, the membrane was incubated with primary antibodies against MMP16 and GAPDH at 4°C overnight. After that, the membranes were washed with PBS thrice, and then incubated with horseradish peroxidase-conjugated secondary antibodies for 2 hours at room temperature. ECL detection systems (SuperSignal™ West Femto, Pierce™; Thermo Fisher Scientific) were used for the detection of protein expression.
luciferase reporter assay
The 3′-UTR of MMP16 containing the putative binding site of miR-328-3p and the mutated target seed sequence were amplified and subcloned into pGL3 luciferase promoter vector (Promega Corporation, Fitchburg, WI, USA) to construct the report vectors pGL3-MMP16 and pGL3-MUT MMP16, respectively. These vectors were cotransfected with the miR-328-3p mimics into U2OS cells for 48 hours. After collecting the cells, we detected the relative luciferase activity using a Dual-Luciferase Reporter Assay Kit (Promega Corporation) based on the manufacturer's instructions. All experiments were performed at least three times.
cell proliferation assay
Cell proliferation ability was evaluated by Cell Counting Kit-8 ([CCK-8]; Dojindo Laboratories, Kumamoto, Japan). Cells in different groups were cultured in 96-well plates about 1.0×10 4 cells/mL for 24, 48, 72, 96, and 120 hours. The CCK-8 solution (10 µL) was added into each well, incubated for 4 hours, and then the optical density at 450 nm was measured to calculate the number of proliferative cells. A total of six parallel wells were analyzed for each group.
cell migration assay
Cell migrative ability was evaluated by wound healing assay. A scratch was produced in the cell monolayer using a micropipette tip when the cells in different groups had grown to 90% confluence. Images were captured from six randomly selected fields in each sample, and the migration distance between the leading edge of the migrating cells and the edge of the wound was calculated by NIH ImageJ software.
statistical analyses
All statistical analyses in the current study were performed by SPSS software for Windows (version 11.0; SPSS Inc., Chicago, IL, USA). All data represent the mean ± SD. Fisher's exact test was used for any 2×2 tables, Pearson 
Results
Downregulation of mir-328-3p associates with aggressive progression of osteosarcomas
As shown in Figure 1A , the expression levels of miR-328-3p in osteosarcoma tissues were significantly lower than those in noncancerous bone tissues (tumor vs normal: 1.16±0.44 vs 2.14±0.52, P,0.001, Figure 1A) . Of 88 osteosarcoma patients, 45 (51.14%) and 43 (48.86%) displayed low and high miR-328-3p expressions, respectively. elevated expression of mir-328-3p suppresses cell proliferation and migration in osteosarcoma cells
To determine the biological function of miR-328-3p in osteosarcoma, we first detected its expression levels in two human osteosarcoma cell lines (HOS and U2OS) and one human osteoblast cell line (hFOB1.19). As shown in Figure 1B , miR-328-3p expression levels in HOS and U2OS cells were both significantly decreased compared to hFOB1.19 cells (both P,0.05). Since the expression levels of miR-328-3p in U2OS cells were distinctively lower than HOS cells (P,0.05), we chose U2OS cells to perform the following functional experiments.
miR-328-3p expression in U2OS cells was significantly elevated following the transfection with miR-328-3p mimic (P,0.05, Figure 2A ). CCK-8 assay showed that U2OS cells transfected with miR-328-3p mimics displayed a significant suppression in the proliferation at five consecutive time points (0, 24, 48, 72, and 96 hours) compared to the NC and blank control groups (P,0.05, Figure 2B ). Wound healing assays demonstrated the inhibition of migration ability of osteosarcoma cells by miR-328-3p mimics (P,0.05, Figure 2C and D).
MMP16 is a potential target of mir-328-3p in osteosarcoma cells
To further investigate the molecular mechanisms underlying the tumor suppressive role of miR-328-3p in osteosarcoma, we collected its potential targets from miRTarBase, the experimentally validated miR-target interactions database (http://mirtarbase.mbc.nctu.edu.tw/php/index.php, Release 7.0). As a result, MMP16 might be a potential target of miR-328-3p. Then, luciferase reporter assay was performed to verify this hypothesis. As shown in Figure 3A , the relative luciferase activity of miR-328-3p overexpressed U2OS cells 
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Zhang et al cotransfected with the construct containing the wild type 3′-UTR of MMP16 was significantly lower than those of the mutant MMP16 3′-UTR. Further Western blot analysis showed that the enforced expression of miR-328-3p suppressed the expression levels of MMP16 protein in osteosarcoma cells (P,0.01, Figure 3B ).
MMP16 overexpression partially reverses the mir-328-3p-inhibited cell proliferation and migration of osteosarcoma cell
To confirm the role of MMP16 in the tumor suppressive function of miR-328-3p in osteosarcoma, we performed rescue experiments by transfecting MMP16-ex into miR-328-3p-overexpressed U2OS cells. As shown in Figure 4A , the expression levels of MMP16 protein in U2OS cells cotransfected with MMP16-ex and miR-328-3p-mimic were significantly higher in those only transfected with miR-328-3p-mimic (P,0.05, Figure 4A ). Functionally, both CCK-8 and wound healing assays indicated that MMP16 overexpression partially rescued the impaired cell proliferation and migration abilities of U2OS cells induced by miR-328-3p mimics (both P,0.05, Figure 4B-D) .
Discussion
Growing evidence shows that it is compelling to seek out crucial metastatic-related molecules and to elucidate the underlying mechanisms in osteosarcoma. In the current study, we demonstrated that miR-328-3p expression in osteosarcoma tissues and cells were both markedly lower than those in noncancerous bone tissues and cells. Clinically, miR-328-3p downregulation was significantly associated with advanced surgical stage, positive metastasis, and recurrence. In addition, the enforced expression of miR-328-3p efficiently suppressed cell proliferation and migration in vitro. Mechanically, MMP16 was identified as a direct An increasing number of studies have indicated that miR-328-3p may play either oncogenic or tumor suppressive role in variety of human cancers via regulating different targets. [17] [18] [19] [20] For example, Xue et al 17 found that miR-328 negatively interfered with the viability of early gastric cancer cells, and it was also recognized as a potential biomarker to predict recurrence after endoscopic submucosal dissection (ESD) in early gastric cancer patients via analysis of the recurrence-free rate among different groups of the patients. Luo et al 18 indicated that miR-328 could enhance cellular motility through posttranscriptional regulation of protein tyrosine phosphatase receptor type J in human hepatocellular carcinoma. Lin et al 19 observed that miR-328 overexpression might inhibit migration and epithelial-mesenchymal transition by targeting CD44 in nasopharyngeal carcinoma cells. Arora et al 20 also confirmed that miR-328 was associated with the brain metastasis of non-small-cell lung cancer and mediated cancer migration. In contrast, the results of Han et al 21 showed that overexpression of miR-328 markedly inhibited esophageal cancer cell proliferation and invasion, and enhanced apoptosis; whereas, inhibition of miR-328 significantly promoted cell proliferation and invasion, and suppressed apoptosis in esophageal cancer cells. Wang and Xia 22 provided the first evidence for the growth suppressive activity of miR-328 in cervical cancer, which was largely ascribed to downregulation of TCF7L2. Santasusagna et al 23 also revealed that miR-328 may be involved in the orchestration of the Warburg effect in colon cancer cells, and its reduced expression in colon cancer patients was inversely correlated with the classically reported upregulated SLC2A1/ GLUT1 expression in tumors. These previous findings suggest a complex role for miR-328 in tumor biology. However, the expression and functions of miR-328 in osteosarcoma remain unclear. In the current study, our data pinpointed to the decreased expression of miR-328-3p in both human osteosarcoma tissues and cells, and confirmed miR-328-3p downregulation was dramatically associated with tumor aggressive progression of osteosarcoma patients. Then, it is noteworthy that miR-328-3p may play a tumor suppressive role and can inhibit tumor cell proliferation and migration.
Having characterized the suppressive role of miR-328 in cervical cancer, we next integrated bioinformatics prediction, luciferase report assay, and functional validation to identify MMP16 as one of the potential target genes mediating its function in osteosarcoma. MMP16, also known as membrane type (MT)-3 MMP, belongs to the type-1 MT MMP family, 
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Zhang et al together with MMP14, MMP15, and MMP24. 24 Under the physiological conditions, MMP16 mainly localizes on microglial cells, melanocytes, and endothelial cells. Similar to other members of the MMPs family, MMP16 can exert proteolytic activity on components of the extracellular matrix. 25 Accumulating studies have observed the overexpression of MMP16 in various human cancer tissues, and also revealed that its aberrant expression may help facilitate cancer metastasis and progression. [26] [27] [28] [29] Chen et al 12 identified MMP16 as a target gene of miR-145 in OS using a dual luciferase reporter system, and also determined that miR-145 might function as a tumor metastasis suppressor gene by downregulating MMP16 in OS. Moreover, Xu et al 30 indicated that MMP16 might be a direct target of miR-328 in cancer stem cell-like cells in colorectal cancer. Consistently, our data here also validated that miR-328-3p directly targeted MMP16 in osteosarcoma cells, and it also was associated with the tumor suppressive role of miR-328-3p in this malignancy. 
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Conclusion
Our data indicated that the aberrant expression of miR-328-3p may play a crucial role in malignant progression of human osteosarcomas. More importantly, miR-328-3p may function as a tumor suppressor inhibiting osteosarcoma cell proliferation and migration partially mediated by regulation of MMP16.
